This study uses the Propensity Score Matching to examine the income impact of different credit sources on accessed households in the Northern Mountains of Vietnam. Results show that overall rural credit serves an important role in improving household income with respect to total income, per capita income and nonfarm income. However, different credit affects recipients heterogeneously. Whereas a significant increase in household income can be achieved through accessing commercial and informal loans, there is no significant increase of all income components associated recipients of preferential credit. These results imply that a successful credit scheme needs to consider variations in transaction costs, disbursement scheme, loan characteristics and typical socio-economic conditions of credit recipients.
Introduction
The development of rural credit sector in developing countries is calling for greater evidence which implies the importance of reviewing the evidence of the credit impacts on rural households. Present literatures have showed that credit might have significant impact, no impact and mixed impacts depending on certain conditions. A great deal of previous research has considered the provision of credit to be an effective tool for poverty reduction. For example, Guirkinger (2008) estimated the effects of formal credit and found that credit constraints lowered the total agricultural output in Peru by 26%. In other words, credit improves crop productivity through the elimination of access constraints. In a similar way, Dong et al. (2012) concluded that income of farmers in the Heilongjiang province of Northeast China could be improved by 31.6% with the removal of credit constraints. One study by Mahjabeen (2008) examined the welfare impact of microcredit in Bangladesh. The author concluded that the average income and consumption of all rural households were found to increase by 73% and 50% respectively. A recent study by Milan (2012) , who employed a fixed effect model with panel data to examine the social performance of microfinance institutions in Cambodia. Findings showed that that there is a remarkable increase in the mean clothing and footwear expenditures of credit recipients when compared to nonrecipients.
A number of other studies reached different conclusions, finding no positive increase in household welfare. The effects of credit were first demonstrated experimentally by Banerjee et al. (2009) . In their study, 104 slums in Hyderabad of India were randomly selected to open a microcredit branch while the remaining slums were not. After 18 months of providing loans to treated areas, there was no effect of small loans on average monthly per capita expenditure, heath, education and women's decision making. The way in which credit influences productivity and efficiency of maize and tobacco in Malawi was studied extensively by Diagne and Zeller (2001) . It was shown that credit has little or no impact on the technical efficiency and productivity of tobacco and maize production in Malawi. This [ 
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finding is supported by the fact that complementary inputs such as fertilizer, land, seed, etc. are not available to farmers in the region. In an analysis of Brümmer and Loy (2000) , results showed that the European Farm Credit Program from 1987 to 1994 is far more cost effective to increase competitiveness of farms over time. The finding could be interpreted as dairy farms being highly dependent on the herd scale rather than credit only. Several authors deal with the question of loan disbursement schedules. For instance, Hazarika and Alwang (2003) reported that access to credit had no significant impact on cost inefficiency among smallholder tobacco cultivators in Malawi. The credit disbursement by formal sources was faulty. Adewale and Aromolaran (2009) offer several explanatory reasons for lower efficiency of borrowers compared to non-borrowers in food crops including cassava, maize and yams of 240 households in Nigeria. Reasons could be due to the inappropriate loan disbursement schedule, small loan amount and lack of training on prudent use of loans taken. Similarly, Nghiem et al. (2007) found that credit has a small impact on household income and expenditure in Vietnam and the marginal effect has decreased over time.
Also, the evidence of the effects of credit from previous studies appears to be mixed. A recent systematic literature review by van Rooyen et al. (2012) concluded that credit has both positive and negative effects on the income of poor households in Sub-Saharan Africa. Saldias and von Cramon-Taubadel (2014) showed that different farm sectors in Chile reached disparate effects. Loan volume increased efficiency for crop farms but reduced efficiency for livestock farms. Surprisingly, credit constrained farms are less efficient in crop production, but more efficient in livestock production. Several studies confirmed the positive effects of credit but only for non-poor borrowers. For example, Coleman (2006) evaluated the impact of two microfinance programs in Northeast Thailand. He found that credit has a significantly positive impact on household welfare of committee members in terms of their wealth, savings, income, productive expenses and labor time. However, credit has an insignificant impact on the welfare of less wealthy clients. As noted by Ngo and Wahhaj (2012) , credit has positive impacts under particular circumstances. Female empowerment is only enhanced when women have substantial skills to engage in an autonomous productive activity. It has conclusively been shown that production loans increase household welfare than consumption loans do.
Considering all of this evidence, it seems that the effectiveness of credit in fighting poverty depends strongly on certain situations. The aforementioned problem could hold true for Vietnam, a developing country in the Southeast Region of Asia. The poverty headcount rate in the country had reduced from nearly 58.1% of the population in 1993 to 20.7% in 2011 (Badiani et al., 2012) . The provision of credit to rural households could be one of various explanations for the recent poverty reduction in Vietnam over time. However, there could be a case that not all al credit sources can benefit their recipients. This assumption is constructed on the basis that disparities in poverty reduction in Vietnam are still emerging since poverty intensity is substantially higher in disadvantaged areas. In addition, a key motivation for this study is that very little is actually known as to whether all rural credit sources in Vietnam are effective tools in fighting poverty. This study aims to fulfill this research gap in the existing literature by investigating the income impact of different credit sources on credit recipients.
Materials and methods
Materials
The Northern Upland of Vietnam representing the most disadvantaged rural area of the country is selected as a research area. It is characterized by a high proportion of rural residents (82.14%). Its poverty rate in 2012 was 23.8%, which was the highest rate among six total regions of the country (General Statistics Office of Vietnam, 2012). Although farming activities serve as the main source of livelihood for the poor in the region, these activities are characterized by a small farming scale. Rice, maize and cassava are the most common crops. A variety of pigs, cows, buffaloes, chickens, and ducks are common main species of livestock. Data of total 1338 households in 4 representative provinces in this region collected from the 2012 Vietnam Access to Resources Household Survey were used.
Methods
This study uses the Propensity Score Matching (PSM) to estimate the income impact of credit. The PSM method is one of the more practical ways of estimating impacts using cross sectional data. It also offers an effective way of examining
[59] The estimations procedure was conducted through two main steps. In the first step, the probability was estimated through a formal probit suggested by DeMaris (2004) as follows:
Probability of taking out a loan i
(1)
In Model 1; α is a k by 1 vector of parameters to be estimated. Z is the n by k matrix of the explanatory variables, which are selected and explained as follows:
Age of household heads and family size are the continuous variables reflecting the heterogeneity in preferences for consumption across households. These two variables are specified as determinants of the probability that a household takes out credit.
Number of helpers is used as a proxy for household social capital. This continuous variable indicates the number of persons who are willing to provide emergent assistance if a household is in need of money. Story and Carpiano (2015) showed that a better connection with helpers facilitates household social capital, which is necessary to improve the household economic situation.
Access to agricultural extensions services is a continuous variable measured as the number of contacts with agricultural extension in the last 12 months. According to Buadi et al. (2013) , access to agricultural extension services such as information support, input supply, and training helps farmers manage and use resources more effectively.
Savings volumes is a continuous variable measured in thousands VND, representing household financial capital. Savings can be converted into future production investment or food consumption in transitional seasons. Households also recognize the importance of savings in coping with shocks. Savings are therefore of an interest variable of household access to credit.
Ethnicity dummy is specified as a binary variable and specified to remove the effects of differences in socio-economic conditions between the ethnic minorities and Kinh majority in Vietnam.
The initial sample consists of 1338 households, 939 of them are minorities making up 70% of households. Minorities can have more disadvantages compared to the Kinh majority in terms of household endowments.
Exposure to shocks is a binary variable defined as one if the household is hit by any types of shocks and zero otherwise. Shocks have led to a decline in household income. In agricultural production, crop and livestock shocks can reduce productivity and farm income, forcing a household to lower its level of consumption. Personal shocks such as illness, accident, and death can have a negative impact on labor productivity due to poor health conditions and therefore reduce future income.
Once hit with an income shock, irrespective of the cause, a household may encounter a number of disadvantages. Taking out a loan could be a likely response of household to shocks.
In this study, four different probit models were run to account for the full sample and three different credit sources. Descriptive statistics in terms of mean, standard deviation, and maximum, minimum of both explanatory and outcome variables were computed and used for household description (see Table 1 for further details).
In the survey, households were asked to approximate the amount of net income from different sources including cash and in-kind payments. Farm income was obtained from household participation in agricultural sub-sectors including crops, livestock, aquaculture and forestry. Total nonfarm income was obtained from working outside the household for private individuals, households, governmental agencies, public work programs and enterprises. Nonfarm income was also obtained from all self-employment activities of the household such as trading, services, transportation and other self-employed business. Impacts were estimated by calculating average treatment effect on treated (ATT). The empirical estimation of the effects
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Source: own processing of credit on household income is expressed as follows:
ATT denotes the average effects of credit on accessed household; n 1 is the number of accessed households; Y 1 is the average income of accessed households; Y 0 is the average income of the matched non-accessed households; and w(i,j) are weights.
Results and discussion
Loan characteristics
In rural Vietnam, the supply of rural credit is currently served by two main sectors including the formal and informal part. The formal sector covers the two state-owned banks including the Vietnam Bank for Agriculture and Rural Development (Agribank) and the Vietnam Bank for Social Policy (VBSP). The Agribank was established in 1998 under the reform of the financial system and the introduction of commercial banks in Vietnam. It mainly provides loans and other financial services to agricultural and rural sectors.
Since the end of 2001, it has become the leading commercial bank with the most extensive network of branches in rural areas. The establishment of the VBSP represents the governmental intervention on rural credit markets in Vietnam.
The subsidised bank, established in 2002, has the mission of providing preferential credits to the poor and low income households. The lending procedure is conducted through entrusted local organizations such as women's unions and farmer's unions. Those organizations are the main channels through which preferential loans are delivered, with subsidised interest rates. The subsidised VBSP relies on guarantors as local authorities to grant loans without physical collateral security such as land titles. Borrowers should be in the list of poor households of local communes. Borrowers are exempted from borrowing fee but must be a member of savings and credit group, selected by the group and named in the list proposed to get loan with certification of local people's committee. The last sector, the informal sector, incorporates private moneylenders, private traders, relatives and friends. In this study, accessed households are divided into three sub-groups including access to the preferential, commercial and informal credit. Table 2 provides the summary of statistics for various characteristics of credit.
As shown in Table 2 , credit characteristics are quite different between credit sources. The average credit volume is substantially lower in formally preferential credit compared to commercial and informal loans. The average credit amount from moneylenders is higher than that obtained from private traders, relatives and friends.
Credit from the Agribank is normally required by collateral security such as land use certificate, whereas credit from private traders relies on mutual trust created through long and close relationships between themselves and borrowers. Private traders are tied to activities such as the sale of output so as to overcome the problem of incomplete information. The preferential credit from the VBSP bank relies on guarantors as local authorizes to grant loans
[61] Preferential credit has the longest duration compared to the remaining credit sources. A possible explanation for this is that providing the poor with a longer duration of preferential credit enhances their ability to repay. In contrast, it seems possible that borrowers of moneylenders or private traders prefer the shorter-term financing to reduce the cost of interest rates.
The subsidised VBSP charged much lower interest rates because the bank receives subsidies from the government to provide preferential credit to the poor. Interest rates charged by moneylenders and private traders are notably higher than those by banks and other informal sources. Due to such high interest rates, borrowers may resort to moneylenders and private traders only for temporary shortages of capital or for immediate consumption needs. The interest rate charged by informal sources on average was around 0.94%, which is higher than that of preferential credit provided by the Vietnam Bank for Social Policies, but still lower than the average interest rate of the Agribank. The reason for this is that informal loans from friends and relatives account for 76.92% of the total informal loans. People tend to charge low or zero interest rates for their friends and relatives. Table 3 describes credit use structure across credit accessed household groups. Mainly, credit was used for livestock production, house purchase or building, and payment of educational fees. Still, a small proportion of recipients used credit for unproductive purposes such as purchasing family food or paying for school fees and medical fees.
It is possible that allocating credit for such purposes leads to positive impacts on the education of children and health of family members. However, the longterm effects tend to be in excess of estimation in this current work. Also, credit was used differently depending on their source. For instance, while the majority of preferential credit was used to finance farming activities, formal commercial credit was also used for nonfarm investment. The difference can be explained in part by the higher profitability when investing in nonfarm activities such as small trading. Short-term needs such as health expenses are normally financed by informal sources such as moneylenders, relatives and friends. Table 4 presents the estimated four probit models describing participation in the overall credit, commercial, preferential and informal credit program respectively. In each model, the dependent variable is a binary variable with a value of 1 if a household took out credit and zero otherwise. Results show that number of helpers, frequency of accessing agricultural extension services, age of household heads, amount of savings, and exposure to shocks were found to significantly influence
Household characteristics influencing access to different credit sources
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Source: own processing Note: ***significant at 1%, **significant at 5%, * significant at 10% Source: own processing by the fact that larger households tend to be poorer ethnic minorities who receive a focus of preferential credit programs. Exposure to shocks may very well increase demand for loans, because households seek credit in order to smooth consumption when they have been hit by a negative income shock. The ethnic minority community was observed to be more likely to access preferential credit but less likely to receive commercial and informal credit. Analysis further revealed that households receiving extension services are more likely to take out loans. In addition, households which are able to accumulate a larger amount of savings are less likely to access credit in general.
Income impact of different credit sources on accessed households
This study focuses on total household income and its components to examine impacts of credit. Regarding household income, there are household observations (outliers), which are distant from the other observations. Those outliers can distort impact estimators and yield unreliable results. For this reason, visualization through a box-plot is used to detect outliers. It is therefore a total of 114 household observations of outlays that are removed to smooth data for better comparisons. When examining the income impacts of a particular source of credit, households with access to other financial sources are excluded. For instance, in order to separate the impact of subsidized credit, 56 recipients of Agribank credit, and 91 recipients of informal credit are removed from analyses. Similarly, this procedure is conducted in estimating income effects of other credit sources. Table 5 provides results obtained from the Propensity Score Matching.
For full sample, the credit recipients had increased for total income of 13.96%, for per capita income of 15.65%, and nonfarm income of 32.50%. All those coefficients are statistically significant at a 5% level of statistical significance. Although credit has a positive impact on farm income, the coefficient is very small and statistically insignificant.
The other finding is that different credit sources perform differently. The evidence shows that the income impact of commercial credit lies in the level of 23.64% of total income, 33.65% of per capita income, and 65.22% of total nonfarm income. Commercial credit decreases total farm income of accessed households by 27.85%. This could be explained by the fact that commercial loans were mainly used for financing nonfarm activities such as trading, services, transportation and other self-employed business. This main credit use purpose can be due to the higher returns when investing in nonfarm activities which suffer fewer natural and biological risks (floods, droughts, crop and animal diseases). Rates of income impact of informal credit are 18.82% of total income and 14.85% of per capita income. All those coefficients are statistically significant at a 5% level of statistical significance. In contrast, Note: * Significant at 10%; ** significant at 5%; *** significant at 1% Source: own processing there are positive but not statistically significant increases of all total income components associated with recipients of preferential credit.
All mentioned coefficients measure the absolute magnitude of impact, which refer to the difference in mean of income between credit recipients and non-recipients with similar characteristics. However, it is also relevant to examine the relative impact per unit of loan amount. The total income impact per unit of loan is calculated by taking the income difference divided by the corresponding amount of credit (Figure 1 ). As Figure 1 shows, considering all four different matching algorithms, one million VND of credit volume increased household income by 0.1939 million VND. Similarly, the impact of one unit of credit volume on household income was also calculated for different credit sources. A comparison of the impact per unit of loan volume reveals that informal credit tends to have the greatest impact on household income, followed by commercial credit and preferential credit. The governmental financial intervention via preferential credit is necessary to reach the poor but does not significantly change household income.
It is helpful to further explain how informal and commercial credits are supplying more proficiently than preferential credit. Provision of commercial credit has substantially enhanced total household incomes, especially nonfarm income. These results could be explained by the fact that the Agribank better fulfills the credit demand of households on the basis of market principles. The bank is a profit-oriented organization, which may be somewhat limited by serving the wealthier rather than the poor. In addition, accessed households of the Agribank appear to use credit for financing nonfarm activities, which suffer fewer risks compared to farming activities. The positive effects this credit source can explain the increasing share of commercial credit in rural credit market during the last two decades.
Regarding the preferential credit, a number of other previous studies evaluating its effects observed consistent results with those in this study. For instance, Dufhues and Buchenrieder (2005) indicated that the provision of preferential credit represents an attempt by the government to broaden access in general. However, this increase in outreach is in conjunction with an increase in access to credit for non-creditworthy households, resulting in decreased repayment rates or limited welfare impact. Findings in this study complement those of Banerjee et al. (2009) , who argued that by charging a reduced rate below the inflation level, the preferential credit program discourages savings and encourages low return investments -the purchase of durables for consumption purposes for instance. As a consequence, preferential credit does not contribute to increasing household income, at least in the short term. A recent study by Saint-Macary and Zeller (2012) involved the efficiency of rural credit policy in Yen Chau, a mountainous district in Northern Upland of Vietnam. Accordingly, preferential credit has been found to be inefficient in reducing poverty and improving agricultural growth. In another major study, Barslund and Tarp (2008) reported that a "one size fits all" method to scaling up preferential credit is not going to be the most advantageous. The expansion of preferential credit requires careful consideration for the need for credit in areas where access is presently low. The inefficiency may have been caused by the supply-driven credit program, (as opposed to demand-driven) which led to credit rationing and misallocation. The subsidized bank naturally performs as a government organization carrying out credit distribution policies, which are highly dependent on administrative and political uncertainties. Under such conditions, preferential credit does not react to the high demand for frequent credits to fund consumption and purchase agricultural input.
The finding in this study confirms the role of informal credit in improving total household income. 
Conclusion
Provision of credit to rural households has increased their total income, per capita income and nonfarm income. It is apparent from this study that overall rural credit has contributed to the remarkable achievement in poverty reduction of Vietnam in the last two decades. However, various types of credit affected recipients differently. Strong evidence of positive impact was found when households received commercial credit from the Agribank. In addition, informal credit is still an important component in the credit system and plays a role in improving household income. However, the impact of preferential credit was not very encouraging. A clear benefit for households in the intervention of preferential credit could not be identified in this analysis.
Provision of commercial credit has enhanced household incomes, and there is therefore a definite need for the expansion of this credit source. Continued efforts are needed to make those loans more accessible to the poorer households. However, the challenge is how to improve the willingness of a profit-driven bank to increase credit size as well as spread out credit to the poorer households. The other implication from this study is that the limited role of preferential credit in improving household incomes might not be attributed to preferential credit itself. Preferential credit is very important to reach the poor who are constrained to access commercial credit from the banking system. However, in order to improve effectiveness, preferential credit schemes should be improved in terms of a reduction in administrative procedures, timely credit delivery to make credit more appropriate to the seasonality of farming activities, and the cash flow of income and expenditure of the poor. Those serve as a base for improving the creditworthiness of the poor. At the same time, by improving quality of credit attributes, the subsidized bank might be able to attain financial sustainability and target the poor concurrently. The final implication from this study is that informal credit plays a role in helping households fulfill capital demand for production and smooth consumption fluctuations. Informal credit responds to the capital needs of households in a timely manner.
